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Description 



EARLY DETECTION OF PATHOGENS IN 

BLOOD 

Cross Reference to Related Applications 

[0001] This application is a continuation-in-part and claims pri- 
ority from U.S. Provisional Patent Application No. 
60/319,474 filed August 15, 2002 and U.S. Provisional 
Patent Application No. 60/319,803 filed December 19, 
2002, both entitled "Early detection of pathogens in 
blood." The specifications of both provisional applications 

are incorporated herein by reference. 
Federal Research Statement 

[0002] The present invention was made with the support of the 
U.S. Army Solider and Biological Chemical Command un- 
der Grant No. DAAD13-01-C-0045. The Government may 
have certain rights to this invention. Research and valida- 
tion of the present invention was conducted at the Center 
for Biological Defense at the University of South Florida. 
The mission of the Center is to identify and develop new 



and innovative methods for recognizing and combating 

terrorism, and to promote the establishment of a bioter- 

rorism preparedness program. 
Background of Invention 

[0003] FIELD OF INVENTION 

[0004] This invention relates to a method of detecting blood in- 
fections at an early stage of infection and more particu- 
larly to a method of detecting pathogens at low concen- 
trations in circulation from a volume of blood. 

[0005] The threat of bioterrorism (BT) and biological warfare 
presents challenges for the clinical setting that are best 
met with rapid and sensitive technologies to detect BT 
agents. Peripheral blood samples could contribute to early 
and specific clinical and epidemiological management of a 
biological attack if detection could take place when the 
concentration of the infecting organism is still very low. 
The worried well and recently infected patients would 
benefit, both psychologically and physically, from early 
pharmacological intervention. 

[0006] infection with Bacillus anthracis or Yersinia pestis often 

present initially as a nonspecific febrile or flu-like illness. 
The mediastinitis associated with inhalational anthrax ul- 



timately results in bacilli entering the blood once the ef- 
ferent lymphatics become laden with organisms. When 
bacteremia (the presence of bacteria in the blood) and 
sepsis (the invasion of bodily tissue by pathogenic bacte- 
ria) have initiated, the number of bacilli may increase 
quickly, doubling every 48 minutes, most often resulting 
in death of the patient. 

[0007] | t has been reported that microbiological studies on pa- 
tient blood samples are useful for diagnosing pneumonic 
plague. The potential for Yersinia pestis bacilli to be present 
in peripheral circulating blood suggests that a PCR assay 
would make a useful diagnostic tool. Testing for pneu- 
monic plague or inhalational anthrax would be effective 
when healthy patients present with "flu-like" symptoms 
(malaise, fever, cough, chest pain and shortness of breath) 
that may accompany other nonspecific symptoms. How- 
ever, in order to maximize the probability of successful, 
detection of the infecting organism must take place early 
in the disease process, when the concentration of circu- 
lating bacteria is very low. 

[0008] Extraction of pathogen DNA from whole blood typically 
requires between 200ul to 500ul of patient sample for 
each preparation event. Detection of early bacteremia is 



improved by using an entire 6 ml tube of patient blood for 
a single sample preparation event. Prior art literature de- 
scribes a single tube blood culture system exploiting the 
selective lysis of blood elements, followed by centrifuga- 
tion to pellet bacteria for plating on solid media. The 
technique has been examined thoroughly in conjunction 
with microbiological testing. 
[0009] Accordingly, what is needed in the art is: 1) a method of 
destroying and making soluble the spectrum of blood ele- 
ment components (erythrocytes, leukocytes, nuclear 
membranes, fibrin, and host nucleic acid) without damag- 
ing analyte particles (bacteria, virus, fungi, toxin, 
metabolic markers, disease state markers, or chemical 
agents) in order to expose and rapidly concentrate (via 
centrifugation, filtration, or capture) the analyte particles 
from large volumes of blood, 2) removal of the host DNA 
and the matrix associated biomass present in the large 
volume blood sample using a single step enzyme deter- 
gent cocktail that is amenable to automation and portable 
systems, and 3) an analyte particle concentration method 
that can be coupled to existing manual or automated pro- 
cesses for nucleic acid extraction, biosensor testing, or 
liquid chromatography separation and mass spectrometry 



analysis. 

[0010] it j Sj therefore, to the effective resolution of the afore- 
mentioned problems and shortcomings of the prior art 
that the present invention is directed. 

[001 1] However, in view of the prior art in at the time the present 
invention was made, it was not obvious to those of ordi- 
nary skill in the pertinent art how the identified needs 

could be fulfilled. 
Summary of Invention 

[0012] Fibrin is an insoluble protein precipitated from blood that 
forms a network of fibers. In vivo, this process is central 
to blood clotting. Fibrin is created by the proteolytic 
cleavage of terminal peptides in fibrinogen. In the labora- 
tory analysis of blood, an aggregate (pellet) of fibrin col- 
lects at the bottom of a tube when blood is centrifuged. 
Within the fibrin aggregate, pathogens are trapped. The 
analysis of these pathogens is highly desirable. However, 
like coins embedded in a slab of concrete, the captured 
pathogens are substantially hidden from analysis, trapped 
in the fibrin aggregate. For individuals potentially exposed 
to dangerous pathogens, time is of the essence and rapid 
identification of the captured pathogens is paramount. 

[0013] piasmin is a substance in blood capable of converting fib- 



rin to fibrinogen monomers. Plasminogen is a precursor of 
plasmin in the blood. Streptokinase is an enzyme that ac- 
tivates plasminogen to form plasmin. The combination of 
plasminogen and streptoki nase in the presence of the fib- 
rin aggregate containing blood elements and bacteria 
(formally present in peripheral circulation) allows the con- 
version of the fibrin aggregate to a liquid state. 

[0014] This conversion facilitates rapid and efficient pathogen 

analysis through blood culture, antibody based testing, or 
nucleic acid sequence based testing (Reverse Transcrip- 
tion PCR, PCR, NASBA, TMA or the like). 

[0015] The addition of DNAse (a DNA nuclease) to the above- 
described reaction provides for the conversion of human 
DNA into short fragments. This conversion of human DNA 
into short fragments contributes to a more rapid and effi- 
cient protein hydrolysis process during DNA extraction. 
This conversion of human DNA into short fragments is 
done while the bacterial DNA is protected. The short frag- 
ment human DNA is carried less efficiently through the 
DNA extraction process and hence represents a smaller 
proportion of total DNA product. As a result, the reduced 
human DNA level presents less of an inhibitory compo- 
nent to the nucleic acid sequence based reactions. 



[0016] The present invention is a method of extracting infectious 
pathogens from a volume of blood including the steps of 
creating a fibrin aggregate confining the pathogens and 
introducing a fibrin lysis reagent to expose the pathogens 
for analysis and DNAse to facilitate DNA extraction. The 
fibrin lysis reagents may be composed of DNAse, plas- 
minogen and streptokinase frozen in coincident relation 
until the fibrin lysis reagent is needed whereby streptoki- 
nase enzymatically reacts with plasminogen to form plas- 
min upon thawing and introduction into the fibrin sample. 
Preferably, the plasminogen is suspended in an aqueous 
salt solution prior to freezing including NaCI and Na 3 P0 4 - 
The fibrin lysis reagent is preferably composed of DNAse 
and Phospholipase A^. The DNAse enzyme is used to fa- 
cilitate the chemical and physical disruption of pelleted 
blood elements that result from the previously described 
protocol. Phospholipase A^ is used to help human DNA di- 
gestion by destroying phospholipid bilayers and, hence, 
destruction of the nuclear membrane. 

[0017] The present invention utilizes resuspension of the dried 
enzymes in a buffer solution using Potassium Phosphate 
as an aide to blood element solublization. It is imperative 
that the streptokinase and plasminogen are not mixed 



with the buffer solution until immediately prior to the ad- 
dition of the blood sample. The Potassium Phosphate pH 
range is 7.8 to 8.0, differentiated from prior art claiming 
an effective pH range of 7.2 to 7.6. Prior art uses phos- 
phate ion solutions with lower pH to act as a true buffer, 
however, the current method allows for optimal Phospho- 
lipase A 2 activity and Magnesium solubility. Magnesium is 
found in the buffer solution as the divalent cation driving 
the activity of Phospholipase A^ in the presence of DNase. 
Prior art uses calcium as the classic divalent cation for 
driving Phospholipase A^ activity, however, calcium is not 
compatible with the phosphate ions essential for blood el- 
ement solublization. 
[0018] An embodiment of the present invention includes concen- 
trating and extracting particles such as prions, toxins, 
metabolic markers, cancerous matter, disease state mark- 
ers, bacteria, virus, and fungi from a volume of blood by 
introducing an enzyme-detergent combination to expose 
pathogens in the blood sample and analyzing the blood 
sample for the particles now readily identifiable via the 
extraction. The enzyme-detergent may be a fibrin lysis 
reagent comprising plasminogen and streptokinase. The 
plasminogen and streptokinase may be frozen in coinci- 



dent relation until the fibrin lysis reagent is needed. The 
streptokinase then reacts with the plasminogen to form 
plasmin upon thawing. The plasminogen may be sus- 
pended in an aqueous salt solution prior to freezing. Suit- 
able salt solutions may include NaCI, NaP0 4 or the like. To 
enhance analysis, the particles may be replicated via poly- 
merase chain reactions (PCR). 

[0019] By introducing DNase, the process is facilitated by the 
conversion of DNA into short fragments thereby con- 
tributing to a more rapid and efficient protein hydrolysis 
process during DNA extraction and lowering the burden of 
inhibitory human DNA. Similarly, introduction of Endonu- 
clease produces a similar advantage. 

[0020] As an alternative to freezing, the enzyme-detergent may 
include dried streptokinase and dried plasminogen as the 
fibrin lysis reagents. The dried reagents may then be 
mixed and distributed into disposable test containers. 
This embodiment may be particularly useful for field- 
testing in locations where sophisticated laboratory equip- 
ment and controls are unavailable. 

[0021] The plasminogen may be combined with Phospholipase 
A2. DNase, Endonuclease, Lipase, and combinations 
thereof. The dried enzyme-detergent combination may be 



suspended in pellets of trehalose buffer and packaged 
into tubes as a dry reagent. The dried reagents may then 
be resuspended in a buffer, added to a l-10ml volume of 
blood and incubated for 5-20 minutes at room tempera- 
ture. More specifically, the dried reagent is comprised of 
1,500-4,500 KU Phospholipase A2, 5,000-10,000 U 
Streptokinase, 2-10 U Plasminogen, 200-3,650 U DNase, 
200-4,000 U Endonuclease, and 10,000-100,000 Lipase. 

[0022] The solution may be centrifuged for approximately 20 

minutes at 5,000-5,500 x g at a temperature of 10-20°C, 
the supernatant decanted, and the pellet washed. The pel- 
let may be washed three times with a 10-20 mM solution 
of Ecotine/20 mM HEPES ph 7.7 and/or a 10-20 mM solu- 
tion of sucrose/20 mM HEPES ph 7.7. The resultant sam- 
ple may then be applied to a commercially available nu- 
cleic acid extraction method. 

[0023] Digesting the sample may include lysis and DNase inacti- 
vation or lysis and Endonuclease inactivation. 12.5-25 mg 
proteinase K, 1-105% SDS (sodium dodecyl sulfate), 
10-200 mM aurintricarboxylic acid, and 10- 20mM 
sodium citrate buffer pH 7.8-8.4 may be utilized, the so- 
lution allowed to incubate at room temperature for 10 
minutes. The sample may then be filtered with a 



0.22-0.45 |jm filter unit, washed with 10-200 mM Aurin- 
tricarboxylic Acid, digested with lysis and DNase inactiva- 
tion and/or Endonuclease inactivation, and purified. 

[0024] Digesting the sample may include the steps of combining 
12.5-25 mg proteinease K, 1-1.5% SDS, 10-200 mM aur- 
intricarboxylic acid, and 10-20 mM sodium citrate buffer, 
incubating at room temperature for 10 minutes, and elut- 
ing the lysate from the filter surface by addition of 
3.5-4.2 M guanidine isothiocyanate pH 6.4. 

[0025] The solutions may be applied directly to a biosensor de- 
vice wherein, responsive to the presence of the pathogens 
in the blood sample, the patient develops pathogenic or 
native disease state markers that allow for the capture and 
detection of these markers by the biosensor device. Alter- 
natively, the solution may be applied directly to a liquid 
chromatography mass spectrometry device whereby, re- 
sponsive to the presence of the pathogens in the blood 
sample, the patient develops pathogenic or native disease 
state markers that allow for the detection of mass signa- 
tures associated with the structural components of the 
pathogens using the mass spectrometry device. 

[0026] The buffer may contribute detergent and salts. This may 
be achieved by aiding blood element solublization by in- 



troducing 10-30 mM Potassium Phosphate at a pH range 
of 7.8 to 8.0, driving Phospholipase A2 activity by adding 
10-80 mM Magnesium Chloride as the divalent cation, 
adding 20-150 mM Sodium Chloride, and including 
10-200 mM Aurintricarboxylic Acid during the DNase in- 
cubation process. The buffer may also include 1.0-1.2% 
Triton X-100. Additional steps may include combining 
20-35 mM methyl 

6-0-(N-heptylcarbamoyl)-oc-D-glucopyranoside and 
0.05-0.1% Saponin; andstoring the enzymes by using a 
trehalose buffer. Storing the enzymes is accomplished by 
using a trehalose buffer in combination with methyl 
6-0-(N-heptylcarbamoyl)-oc-D-glucopyranoside. The tre- 
halose storage buffer comprises 10 mM Potassium Phos- 
phate, 0.01-0.04% Triton X-100, 1-5 mM Dithiothreitol, 

and 0.3-0.5 M Trehalose. 
Brief Description of Drawings 

[0027] For a fuller understanding of the nature and objects of the 
invention, reference should be made to the following de- 
tailed description, taken in connection with the accompa- 
nying drawings, in which: 

[0028] FIG. 1 is a diagrammatic view of the method according to 
the invention according to the invention. 



[0029] FIG. 2 is a diagrammatic view of the preparation of the 
fibrin lysis reagent according to Protocol 1 of the inven- 
tion. 

[0030] FIG. 3 is a table providing data on Bacillus anthracis blood 
protocol. 

[0031] FIG. 4 is a table providing data on a comparison of two 
blood samples from different individuals. 

[0032] FIG. 5 is a table providing data on an evaluation of the 
present method by a Department of Health laboratorian. 

[0033] FIG. 6 is a table providing data on Yersinia pestis blood pro- 
tocol. 

[0034] FIG. 7 is a diagrammatic view of the setup of extraction 
reagents according to Protocol 1 of the invention. 

[0035] FIGS. 8-9 are diagrammatic views of bacterial recovery 
and fibrin lysis according to Protocol 1 of the invention. 

[0036] FIGS. 10-13 are diagrammatic views of bacterial lysis and 
nucleic acid extraction according to Protocol 1 of the in- 
vention. 

[0037] FIG. 14a is a diagrammatic view of the steps of extracting 
reagents according to Protocol 2 of the invention. 

[0038] FIG. 14b is a diagrammatic view of the steps of extracting 
reagents according to Protocol 2 of the invention. 

[0039] FIG. 15 is a diagrammatic view of the steps of extracting 



reagents according to Protocol 3 of the invention. 

[0040] FIG. 16a is a diagrammatic view of the steps of extracting 
reagents according to Protocol 4 of the invention. 

[0041] FIG. 16b is a diagrammatic view of the steps of extracting 
reagents according to Protocol 4 of the invention. 

[0042] FIG. 17 is a table providing data on noise band crossing 
points for blood samples spiked with B. anthracis and pro- 
cessed with plasminogen, streptokinase, phospholipase 
DNase I, and lipase with centrifugation or filtration. 

[0043] FIG. 18 Sedimentation and solublization of tissue aggre- 
gates from 6 ml blood samples exposed to various deter- 
gent and enzyme treatments. 

[0044] FIG. 19 Filtration characteristics of 6 ml blood samples 

exposed to various detergent and enzyme treatments. 
Detailed Description 

[0045] | n Fig. l, a blood draw 30 is performed on a patient. A so- 
lution of PBS, pH 7.4 and 1.2% Triton X-100 is added, the 
blood is vortexed and centrifuged 40 creating pellet 60 in 
a 15 ml tube 50. Preferably, resins, metal hydroxides, 
and/or nano materials may be added with the PBS/Triton 
X-100 solution to capture particles such as bacteria, virus, 
fungi, cancerous cells, prions, toxins and the like to con- 
tribute greater density to these particles. The increase in 



particle density allows lower speeds to run during cen- 
trifugation. 

[0046] The supernatant is decanted leaving a fibrin aggregate. A 
fibrin lysis component 70 is added to tube 50 dissolving 
the fibrin aggregate and leaving pathogens 65 exposed 
for analysis. Pathogens 65 are vortexed, centrifuged, and 
subject to lysis to extract the pathogen DNA. The DNA is 
then replicated 90 and analyzed 100 for the identity of the 
suspected pathogen. 

[0047] | n an alternative embodiment of the invention, a device 
would be used to obviate the need for a centrifuge. The 
device will use flexible electrodes similar to a fish gill to 
collect particles (such as bacteria, virus, cancerous cells, 
prions, or toxins). The electrodes will also be used to col- 
lect resins and nano materials that have these particles 
attached to them. The device will resemble a bubble on a 
surface. An electrical potential will be used to accelerate 
pathogen capture. The device can be compressed to allow 
efficient removal of the contents. The device would 
preferably have the following properties: (1) a rigid base 
layer and flexible top layer; (2) flexible gills to be 
mounted on either the top or bottom layer; (3) Strepavidin 
and hyaluronic acid strands functionalized with bioactive 



peptides, antibodies, aptomers, molecular imprinted poly- 
mers, or metals that attract particles such as bacteria, 
virus, fungi, toxins, metabolic markers, disease state 
markers, or chemical agents are to be deposited on the 
flexible gill electrodes; (4) the flexible layer will have elec- 
trodes deposited on it; (5) counter electrodes for the gill 
electrodes will reside on the opposite side; (6) the average 
dead volume of the device is 300 micro liters it is pre- 
ferred that there is to be no residual material in the device 
after squeezing out the material from the device; and (7) 
polyimide will form the flexible portion and the electrodes 
will be made of Pt, Au, or carbon. The device is preferably 
used as follows: (1) flow liquid into the device and apply 
voltage at this time; (2) add chemicals and heat the de- 
vice; and (3) squeeze out the device to remove all con- 
tents. The device is used to prepare a sample for analysis 
of particles (such as bacteria, virus, cancerous cells, pri- 
ons, or toxins) using spectrophotometric, mass spec- 
troscopy, antibodies, culture, or nucleic acid (e.g. PCR, 
NASBA, TMA) based detection systems. 
[0048] a filtering device may be used to filter out the particles 
from blood treated with the Triton X-100 / PBS/ magne- 
sium solutions with enzymes selected from the group of 



streptokinase, plasminogen, phospholipase A^, DNase, 
and lipase. A filtering device may also be used to filter out 
the particles from blood treated with a combination of 
methyl 6-0-(N-heptylcarbamoyl)-a-D-glucopyranoside, 
Saponin, and PBS / magnesium plus enzymes selected 
from the group of streptokinase, plasminogen, phospholi- 
pase A 2 , DNase, and lipase. After washing away the en- 
zyme and detergent treatment reagents and any residual 
broken down blood components, the particle is ready for 
analysis or further processing. 

[0049] The preparation of the fibrin lysis reagent is shown as 

Protocol 1 in Fig. 2 wherein NaCI, MnCI, DTT, DNAse, and 
plasminogen are added to mixing tube 110. Sodium 
phosphate is then added to mixing tube 110 and the so- 
lution is distributed into 1.5 ml reagent tubes 120 placed 
on ice. The reagent tubes 120 are frozen to -75°C for ap- 
proximately 20 minutes. Approximately 2,700 U of strep- 
tokinase 130 is added to the wall of reagent tubes 120 
just above the frozen plasminogen solution. 

[0050] pigs. 3-6 provide PCR results derived from testing blood 
samples seeded with encapsulated vegetative avirulent 
Bacillus anthracis were grown according to CDC protocol # 
CDC.DFA.1.2, stored in 15% glycerol TSB, and frozen at - 



75°C. Stocks of avirulent Yersinia pestis grown in TSB at 
37°C, frozen in 15% glycerol TSB, and frozen at -75°C. 
Bacterial counts were tested at the time of harvest and 
retested at the time of sample spike. 

[0051] Figures for average Bacillus anthracis CFU per six ml of 

human blood are derived from post-freezing testing given 
the large standard deviation encountered in side-by-side 
post freezing dilution events. No significant cellular death 
is recognized or expected. A 30% cellular death rate is the 
highest that is reasonably expected in the worst circum- 
stances. A conservative approach would be to increase all 
calculated Bacillus anthracis CFU by 30%. 

[0052] Figures for average Yersinia pestis CFU per six ml of blood 
are derived from pre-freezing testing. The low standard 
deviation of pre-freezing count replicates and concor- 
dance with post-freezing testing allows use of the pre- 
freezing bacteria count numbers. This is a conservative 
approach that can be utilized given the now predictable 
results that are derived from storing and diluting this or- 
ganism. 

[0053] The present invention reproducibly generates analyte DNA 
appropriate for PCR testing of Bacillus anthracis using pa- 
tient blood samples that are up to 3 months old Sensitivity 



is 100% at <10 CFU / ml of human blood when using 6 ml 
of blood collected in a Becton Dickinson Vacutainer 
(Tables 1 and 2). This protocol also allows detection of 
Yersinia pestis at 100% sensitivity at <10 CFU / ml for at 
least one of four oligo sets according to the more limited 
data gathered for this organism (Table 3). It should be 
noted that CDC does not consider samples positive for Y. 
pestis unless two oligo sets produce an acceptable PCR 
signal. 

[0054] | n accordance with Protocol 1, Fig. 7 shows a method of 
the setup of extraction reagents according to the inven- 
tion. Figs. 8-9 show a method of bacterial recovery and 
fibrin lysis according to the invention. Figs. 10-13 show a 
method of bacterial lysis and nucleic acid extraction ac- 
cording to the invention. 

[0055] | n an alternative embodiment, as shown in Figs. 14-16b, 
the individual enzymes of streptokinase and plasminogen 
are made into dried powders, mixed, then distributed to 
disposable tubes. Alternatively, Phospholipase A^, plas- 
minogen, DNase or Endonuclease, and lipase are sus- 
pended and dried in pellets of trehalose buffer. Phospho- 
lipase A 2 or any enzyme that will destroy nuclear mem- 
brane while keeping bacterial cell wall or viral coats in tact 



may also be used. Streptokinase is likewise suspended 
and dried in pellets of trehalose buffer. At least one pellet 
of the plasminogen and one pellet of the streptokinase 
are packaged into tubes as dried reagents. 
[0056] The dried reagents previously described are then resus- 
pended in a 10 ml buffer solution comprising 10-30 mM 
Potassium Phosphate, 10-80 mM Magnesium Chloride, 
20-150 mM Sodium Chloride, 10-200 mM Aurintricar- 
boxylic Acid and 1.0-1.2% Triton X-100. Aurintricar- 
boxylic Acid is evidenced to provide a level of protection 
to bacterial nucleic acid without impeding human DNA di- 
gestion. The use of Aurintricarboxylic Acid is not found in 
prior methods of human DNA digestion. Exclusion of Tri- 
ton X-100 is permitted upon addition of 20-35 mM 
methyl 6-0-(N-heptylcarbamoyl)-(x-D-glucopyranoside 
and 0.05-0.1% Saponin. The methyl 
6-0-(N-heptylcarbamoyl)-(x-D-glucopyranoside is stored 
with the phospholipase A 2> plasminogen, DNase I, and li- 
pase in a Trehalose storage buffer. Substitution of the Tri- 
ton X-100 with the methyl 

6-0-(N-heptylcarbamoyl)-(x-D-glucopyranoside and 
saponin solution allows for the efficient activity of Phos- 
pholipase A , provides the action of breaking up protein 



aggregates without denaturation, and is more genial to 
bacterial walls than Triton X-100. Use of Saponin and 
methyl 6-0-(N-heptylcarbamoyl)-a-D-glucopyranoside 
in this combination is lacking in prior art. The Trehalose 
storage buffer comprises of 10 mM Potassium Phosphate 
pH 7.4, 0.01-0.04% Triton X-100 or methyl 
6-0-(N-heptylcarbamoyl)-a-D-glucopyranoside, 1-5 mM 
Dithiothreitol, and 0.3-0.5 Trehalose. The buffer and en- 
zyme mix are then immediately combined with a 10 ml 
blood sample, which may be scaled down to 1 ml. The 
sample is then incubated at room temperature for 5-10 
minutes. The aforementioned components aide blood ele- 
ment solublization through minimizing certain particu- 
lates that would otherwise clog filters, impair biosensors 
or mass spectrometry devices, and impede nucleic acid 
extraction. Solublization occurs while human DNA is effi- 
ciently digested and as viral and/or bacterial DNA remain 
intact. 

[0057] | n accordance with Protocol 2 and 4, the enzyme combi- 
nation is comprised of Streptokinase, Plasminogen, DNase 
or Endonuclease, Phospholipase , and Lipase. Alterna- 
tively, enzyme combinations comprising of Streptokinase, 
Plasminogen, DNase or Endonuclease, and Phospholipase 



A 2 may also be used but with less efficacy. In another al- 
ternative combination, Streptokinase, Plasminogen, DNase 
or Endonuclease may be used, as well as, DNase or En- 
donuclease, Phospholipase A^ and Lipase but with even 
less efficacy. DNase or Endonuclease in combination with 
Phospholipase A^ is yet another alternative. The efficacy of 
the three latter combinations was found to be equal. 

[0058] | n accordance with Protocol 3, the enzyme combination is 
comprised of Streptokinase, Plasminogen, DNase or En- 
donuclease, Phospholipase A^ , and Lipase. Alternatively, 
enzyme combinations comprising of Streptokinase, Plas- 
minogen, DNase or Endonuclease, and Phospholipase A^ 
may also be used but with less efficacy. In another alter- 
native combination, Streptokinase, Plasminogen, DNase or 
Endonuclease may be used with even less efficacy than 
the latter combination. 

[0059] As shown in Fig. 14 with Protocol 2, the sample is cen- 

trifuged for a period of 20 minutes at 5,000-5,500 x g at 
a temperature between 10-22°C after incubation. The su- 
pernatant is then decanted and the pellet washed three 
times with a 10-20 mM solution of Ecotine/20 mM HEPES 
pH 7.7 and/or a 20-30 mM solution of Sucrose/20 mM 
HEPES pH 7.7. 



[0060] Alternatively after incubation, the Protocol 2 sample is 
centrifuged in similar fashion and the supernatant de- 
canted, followed by sample lysis and DNase or Endonucle- 
ase inactivation using 12.5-25 mg Proteinase K, 1-1.5% 
Sodium Dodecyl Sulfate (SDS), 10-200 mM Aurintricar- 
boxylic Acid and 10-20 mM Sodium Citrate buffer pH 
7.8-8.4. The sample is allowed to incubate at room tem- 
perature for 10 minutes. The digested sample may then 
be applied to any commercially available nucleic acid ex- 
traction method, shown in Fig. 14b. 

[0061] yet in another alternative, referred to as Protocol 3 and 

depicted in Fig. 15, the sample is filtered with a 0.22-0.45 
urn filter unit and washed with 10-20 ml of 10-200 mM 
Aurintricarboxylic Acid, followed by sample lysis and 
DNase or Endonuclease inactivation. Sample lysis and 
DNase or Endonuclease inactivation is accomplished by 
using 12.5-25 mg Proteinase K, 1-1.5% SDS, 10-200 mM 
Aurintricarboxylic acid, and 10-20 mM Sodium Citrate 
buffer. The sample is then incubated at room temperature 
for 10 minutes. Addition of 3.5-4.2 M Cuanidine Isothio- 
cyanate pH 6.4 is necessary to elute the lysate from the 
filter surface. The nucleic acid extract may then be further 
purified using a commercially available method. 



[0062] Another alternative, referred to as Protocol 4 and shown 
as Fig. 16a, applies the sample directly to a biosensor de- 
vice that will capture and detect bacteria, virus, fungi, 
toxins, prions, chemical agents, metabolic markers or na- 
tive disease state markers developed by the patients own 
body in response to these pathogens and agents present 
in the blood sample. 

[0063] | n y e t another Protocol 4 alternative shown in Fig. 16b, 

the sample is applied directly to a liquid chromatography 
mass spectrometry device that will detect mass signatures 
of structural components that comprise bacteria, virus, 
toxins, prions, and chemical agents present in the blood 
sample or native disease state markers developed by the 
patients own body in response to these pathogens and 
agents present in the blood sample. 

[0064] | t w j|| De S een that the objects set forth above, and those 
made apparent from the foregoing description, are effi- 
ciently attained and since certain changes may be made in 
the above construction without departing from the scope 
of the invention, it is intended that all matters contained 
in the foregoing description or shown in the accompany- 
ing drawings shall be interpreted as illustrative and not in 
a limiting sense. 



[0065] ^ is also to be understood that the following claims are 
intended to cover all of the generic and specific features 
of the invention herein described, and all statements of 
the scope of the invention which, as a matter of language, 
might be said to fall there between. Now that the inven- 
tion has been described, 



